In Figures S1 and S2 we compare more experimental and theoretical results related to the behavior of a particle pair optically bound in the tractor-beam. The measured trajectories marked with zigzag curves are compared with the calculated velocities of the stable optically bound particle pairs. We observed very good agreements between inter-particle distances and calculated stable positions.
In Figures S1 and S2 we compare more experimental and theoretical results related to the behavior of a particle pair optically bound in the tractor-beam. The measured trajectories marked with zigzag curves are compared with the calculated velocities of the stable optically bound particle pairs. We observed very good agreements between inter-particle distances and calculated stable positions.
These results follow the conclusions of the main text regarding the particle motion in the second/third scattering lobe (Figures S1a-c). Here the interaction force due to the presence of the first particle rules the particle movement and thus, there are significant changes in the direction of particle pair motion. Figure S1d demonstrates such reversal of particle pair motion in different lobe, too. In a large number of measurements, the particle pair was optically bound in higher-order scattering lobes, where the interaction force was not dominant and thus the pair was pulled by the S-polarized tractorbeam (see Figure S2 ) as an isolated particle. Even here the inter-particle distances correspond to the calculated stable positions and the second particle was moving generally close to the scattering lobe maxima. 3 2 Theoretical description of electric-field extremes in scat-
tering lobes
Let us assume a simplified geometry of two interfering plane waves whose wavevectors form an angle π − 2α. This geometry ignores the reflection at the mirror but it is equivalent to the geometry used in the experiment for particles placed far from the mirror. Let us denote
where k = 2π/λ m , α and λ m have the same meaning as in the main text. Assuming the wavevectors pointing against the z -axis (see wavevectors k 1 and k 2 in Figure 1a in the main text)
we can write for the interference incident field of the S-polarized tractor-beam:
For a general direction θ in the zy-plane (tan θ = z/y) and few wavelengths away from the scattering particle, the scattered field is well described as a propagating spherical wave
where real functions F S and φ S characterize the scattering of both incident plane waves. The total electric field energy density yields
Let us set the particle position to the maximum of the fringe along the y-axis assuming k y y = πn with an integer n. The scattering amplitude factor F S (θ) is positive and changes slower with a position than the cosine terms. We may therefore state the condition for the constructive interference of the two terms as
where m is another integer, with even/odd values corresponding to the constructive/destructive interference. Let us further assume 'effectively isotropic' scattering represented by the parameter
Using (kr) 2 = k 2 (z 2 + y 2 ) = (kz) 2 + (πn/ cos α) 2 , we solve for the coordinate z and obtain
Going to either side from the main forward-scattering axis, we index the consecutive lobes of decreasing intensity by integer index p. At the in-fringe maxima p = 0, 2, 4, 6 . . . and at minima p = 1, 3, 5, . . .
A comparison with the exactly calculated field distribution revealed that the value φ ef f = π/2 gives a very good coincidence if the maxima/minima corresponding to a given lobe lie on curves defined by Eq. (11) and a constriction m = n + p is valid. It gives
which was used to draw the electric field density maxima in Figures 2a, 2b, 3a , 4b in the main text.
The derivation of the P-polarized tractor-beam is analogical; for the external field of the tractor-beam we can write
and the corresponding scattered field reads
The field energy density, after neglecting the term ∝ F 2 P , is
The small value of α reduces the terms with sin α. Also, for θ in the narrow interval of interest, φ P (θ) ≈ φ S (θ) and we may well use the arguments for the case of S-polarization and employ Eq.
(12).
Stable configurations of optically bound pairs
During calculation of optical forces, we solve the electromagnetic scattering problem in a selfconsistent way, i.e., we take into account enough reflections to achieve numerical convergence. If the spheres are separated by several wavelengths, multiple scattering between spheres of a degree higher than 2 contributes negligibly to the total optical force. Thus the optical force acting on sphere 2 is determined mainly by the interaction with the field scattered only once from sphere 1 and superposed with the external incident tractor-beam field.
Let us assume that sphere 1 is held fixed in a fringe, generally with some external nonzero force. 
where v 1,2 denotes the velocity of each particle, F 1,2 corresponds to external forces acting on the particles (in our case exclusively given by the optical forces), and µ ab are 3 × 3 mobility tensors.
These tensors can be split into a longitudinal and transverse component 1 as
where E is the identity matrix, P = n T n is the projection matrix, n is the unit vector in a direction of a sphere connecting line, i, j ∈ {x, y, z} denote the coordinates and a, b ∈ {1, 2} index of the particle. The sphere centers are separated by a center-to-center distance r = rn.
Assuming spheres of the equal radius a, the normalized tensor components expressed up to the seventh order in t = a/r 1 are the followinĝ
where µ 0 = 1/6πηa is the Stokes mobility of an isolated sphere and η the medium viscosity. The remaining components follow the relations µ 11 = µ 22 , and µ 12 = µ 21 . The condition for the sustainable uniform motion of the pair v
where we introduced an auxiliary 'pair-mobility' tensor M. 
Substituting for F y we obtain where we denoted v z0 = µ 0 F z as the velocity of the pair omitting the hydrodynamic interaction.
Note that the second order term t 2 is a consequence of the velocity constraint (F y = 0). Even though this term vanishes for orientations β = 0, β = π/2, it contributes by a small amount for any other inclination. It implies that in the moving stable state, both spheres must be slightly deflected out of the fringe centers in the same direction of the y-axis.
For the particle size used in the presented experiments, the fringe stiffness would allow only a tiny fringe-transverse displacement so that the fringe-parallel forces remain almost unaffected. However, for spheres positioned close to each other and sphere sizes weakly sensitive to the standing wave fringes along the y-axis, the hydrodynamic interaction together with the binding forces may cause significant shift of the spheres out of the equilibrium position along the y-axis.
